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Polymer chemis t ry  has a  g r e a t  deal  t o  o f f e r  i n  t he  
c o n s t r u c t i o n  o f  s y n t h e t i c  1  iposomal membranes f o r  use 
i n  b i o l o g y  and medicine. Th i s  chap te r  exp lo res  t h e  
p repa ra t i on  and p r o p e r t i e s  o f  po lymer ic  1  iposomes , 
w i t h  p a r t i c u l a r  emphasis on t h e  use o f  c o n t r o l l e d  
po l  ye1 e c t r o l y t e  adso rp t i on  t o  mani pu l  a t e  1 i posomal 
membrane p r o p e r t i e s .  
Nature has cornbined t h e  d i s c i p l  i nes  o f  polymer chemis t ry  and c o l l o i d  
sc ience t o  remarkable e f f e c t  i n  her  des ign  o f  t h e  b i l a y e r  membranes 
t h a t  surround c e l l  s  and subce l l  u l  a r  organel  1  es. These membranes do 
many i n t r i g u i n g  t h i n g s  : they  recognize one another,  they  respond 
t o  the b i n d i n g  o f  drugs and hormones, and they  c o n t r o l  the  f l o w  o f  
mass, i n f o r m a t i o n  and energy w i t h i n  and between c e l l s .  I t  would be 
n a t u r a l ,  then, f o r  us t o  s e l e c t  such s t r u c t u r e s  as we t r y  t o  i n t e r -  
vene i n  b i o l  o g i c a l  processes through t h e  c o n t r o l  1  ed de l  i very  o f  
drugs, markers and gene t i c  m a t e r i a l .  Fo l l ow ing  Bangham's d iscovery  (1) o f  t h e  b a r r i e r  p r o p e r t i e s  o f  1  i p i d  ves i c l es ,  o r  1  iposomes, t h e r e  
has grown an enormous l i t e r a t u r e  devoted t o  l iposomal  d e l i v e r y  (2-6).  
What has emerged more r e c e n t l y  i s  t h e  r e a l  i z a t i o n  t h a t  polymer chem- 
i s t r y  has much t o  o f f e r  i n  t h e  t echno log i ca l  development o f  l iposomal  
de l  i very  sys terns. 
Research on 1  iposomal de l  i v e r y  systems has been mot iva ted  i n  
l a r g e  p a r t  by the  n o t i o n  t h a t  t h e  m a t e r i a l  t o  be de l  i v e r e d  can be 
entrapped i n  t h e  l iposomal  i n t e r i o r ,  and t h a t  t h e  entrapped m a t e r i a l  
w i l l  remain i n s i d e  u n t i l  t h e  l iposome i s  opened a t  i t s  t a r g e t .  
Imp1 ementat ion o f  t h i s  idea  r e q u i r e s  t h e  f o r m u l a t i o n  o f  1  iposomal 
systems t h a t  a r e  r e s i s t a n t  t o  leakage o f  entrapped substances, 
r e s i s t a n t  t o  a t t a c k  by  f o r e i g n  agents used i n  t h e  p repa ra t i on  o f  
t h e  de l  i v e r y  system (e.g. s u r f a c t a n t s  and o rgan i c  so lven ts ) ,  s t a b l e  
toward a t t a c k  by endogenous agents (e.g. enzymes o r  plasma p r o t e i n s )  
and capable o f  t i s s u e  l o c a l  i z a t i o n  o r  s e l e c t i v e  r u p t u r e  a t  t h e  
t a r g e t .  The f o l l o w i n g  d i scuss ion  w i l l  p rov ide  an overv iew o f  t h e  
present  s t a t e  o f  t h e  un ion  between polymer chem is t r y  and 1  iposome 
technology. We w i l l  address f i r s t  t h e  methods o f  p repa ra t i on  o f  I 
po lymer ic  1  iposomal systems, and then proceed t o  an eva lua t i on  o f  t h e  
c o n t r i b u t i o n s  t h a t  polymer chemis t ry  can make t o  t he  s o l u t i o n  o f  t h e  
problems ou t1  i ned  above. 
P r e ~ a r a t i v e  Methods 
The ma jo r  approaches t o  t h e  p r e p a r a t i o n  o f  po lymer ic  1  iposomal sys-  
tems may be d i s t i n g u i s h e d  on t h e  bas i s  o f  t h e  locus  o f  po lymer iza-  
t i o n .  Most e f f o r t  t o  da te  has been d i r e c t e d  toward t he  p r e p a r a t i o n  
o f  phosphol i p i d  analogues t h a t  a r e  i n t r i n s i c a l l y  po lymer izabl  e  
through r e a c t i o n s  o f  a t tached  v i n y l  , butad ieny l  , d i a c e t y l  en ic ,  
isocyano, t h i o l  o r  d i  s u l  f i d e  f unc t i ons .  Th is  approach produces 
1  iposomes i n  which t h e  p r imary  permeabil i t y  b a r r i e r  - t he  b i l  ayer  
i t s e l f  - i s  po lymer ic .  The second approach invokes t h e  at tachment o f  
e x t r i n s i c  macromolecules t o  the  1  i p i d  b i l a y e r ,  i n  a  f ash ion  analogous 
t o  t h e  assembly o f  b i o l o g i c a l  membranes. 
Polymer izabl  e  L i p i d s .  The p repa ra t i on  o f  po lymer izabl  e  1 i p i d s  has 
been ex tens ive1  v reviewed (7-1 0). so t h e  p resen t  d iscuss ion  w i l l  be 
b r i e f .  I t  i s  u i e f u l  t o  d i s m u i s h  two p b r t i o n s  o f  amph iph i l i c ,  
membrane-forming l i p i d s :  a  p o l a r  headgroup t h a t  forms- t he  i n t e r f a c e  
between t h e  membrane and i t s  environment, and t h e  hydrocarbon cha ins  
t h a t  p r o v i d e  t h e  p r imary  b a r r i e r  t o  t he  escape o f  entrapped so lu tes .  
I t  i s  impo r tan t  i n  t he  des ign o f  po lymer ized liposornes t h a t  one keep 
i n  mind these d i s t i n c t  func t ions ,  and t h a t  t h e  locus  o f  po lymer iza-  
t i o n  be se lec ted  i n  such a  way t h a t  t h e  des i r ed  f unc t i ona l  p r o p e r t i e s  
a re  preserved o r  enhanced. Po l ymer i za t i on  through f u n c t i o n a l  groups 
appended t o  t h e  l i p i d  headgroup would be expected t o  preserve t h e  
pack ing p r o p e r t i e s  o f  t he  hydrocarbon chains (assuming t h a t  the  geo- 
m e t r i c  requi rements o f  the  po l ymer i za t i on  a r e  c o n s i s t e n t  w i t h  those 
o f  cha in  pack ing) ,  b u t  would a1 t e r  the  sur face  recogni  t - ion behav io r  
o f  t he  membrane. On the  o t h e r  hand, po l ymer i za t i on  i n  the  hydrocar-  
bon core  - e i t h e r  i n  t he  midd le  o f  t h e  cha in  o r  a t  i t s  end - o f f e r s  
t h e  p rospec t  o f  an unper turbed 1 i p i d  sur face,  b u t  compromises i n  a  
profound way the  pack ing o f  t h e  hydrocarbon chains.  I t  i s  impor tan t  
t o  p o i n t  ou t ,  however, t h a t  such changes i n  packing may be advanta-  
geous, i n  t h a t  t h e  b a r r i e r  p r o p e r t i e s  o f  the  b i l a y e r  may be s i g n i f i -  
c a n t l y  enhanced by po lymer iza t ion .  An example o f  reduced so l  u t e  
leakage from polymer ized 1 iposomes w i l l  be discussed i n  the f o l  l ow ing  
sec t i on .  
Attachment o f  E x t r i n s i c  Macromolecu1es. Attachment o f  s y n t h e t i c  
polymers t o  t h e  1  iposomal su r f ace  has been accompl i shed  by a t  1  eas t  
f o u r  d i f f e r e n t  r ou tes  (Scheme I ) .  The s imp les t  r o u t e  - b u t  a l s o  t h a t  
l e a s t  amenable t o  c o n t r o l  - i n v o l v e s  t h e  adso rp t i on  o f  unmodi f ied 
polymer cha ins  (11).  I n  adop t ing  t h i s  r ou te ,  one must walk a  f i n e  
l i n e  between sysGms i n  which t h e  po lymer- b i layer  i n t e r a c t i o n s  a r e  
. - 
t o o  weak t o  ma in ta i n  a  s u b s t a n t i a l  su r f ace  concent ra t ion  o f  chains,  
and systems i n  which those i n t e r a c t i o n s  a r e  s t r ong  enough t o  cause 
v e s i c l e  r e o r g a n i z a t i o n  and l y s i s .  A second r o u t e - -  w i t h  d i s t i n c t  
advantages and w e l l  es tab l i shed  b i o l o g i c a l  precedent - i s  t he  use o f  
hydrophobic "anchor ing groups" t o  h o l d  i n  p lace  even weakly bound 
polymer chains.  S u i t a b l e  anchors a r e  s i n g l e  o r  double cha in  sur-  
f a c t a n t s  (12,13) -- o r  c h o l e s t e r o l  (14), - and i n  p r i n c i p l e  such anchors 
may be i n t r oduced  f i r s t  e i t h e r  t o  the  polymer cha in  (scheme I, r o u t e  
2) o r  t o  t he  v e s i c l e  su r f ace  (Scheme I ,  r o u t e  3).  The b i o l o g i c a l  
analogy o f  course i s  t h e  widespread occurrence o f  hydrophobic pep t ide  
sequences i n  membrane-bound p ro te i ns ,  which serve  a  s i m i l a r  anchor ing 
f unc t i on .  F i n a l l y ,  bo th  Regen (15) and R ingsdor f  (16) have suggested 
t h a t  the  f o rma t i on  o f  1  iposomes f r o m  s u r f a c t a n t s  bear ing  po lymer i  za- 
b l  e  coun te r ions  m igh t  be f o l i o w e d  by  po l ymer i za t i on  w i t h i n  t h e  double 
l a y e r  t o  p r o v i d e  a  su r f ace  c o a t i n g  o f  p o l y e l e c t r o l y t e  chains (Scheme 
I, r o u t e  4) .  
The reader  should a l s o  be aware o f  a  ve ry  s u b s t a n t i a l ,  r e l a t e d  
body o f  work t h a t  addresses t he  anchor ing o f  e x t r i n s i c ,  n a t u r a l  l y  
o c c u r r i n g  macromolecul es t o  1  iposomal sur faces (2-6,17). Because 
t h i s  work has a l r e a d y  been e x t e n s i v e l y  r e ~ i e w e d ~ t h e p r e s e n t  chapter  
w i l l  n o t  d iscuss t h i s  ve ry  i n t e r e s t i n g  and impo r tan t  sub jec t .  
P rope r t i es  o f  Polymer ic  Liposomes 
Liposomes from Polymeri  zab le  L i p i d s .  Again t h e  d iscuss ion  w i l l  be 
b r i e f ,  and t he  reader  i s  d i r e c t e d  t o  t he  severa l  e x c e l l e n t  rev iews 
o f  polymerized v e s i c l e s  (3 ) .  We d iscuss  here o n l y  one very  r e c e n t  
example o f  the  p repa ra t i on  and p r o p e r t i e s  o f  such a  system. Th is  
example has much t o  recommend it, and i s  descr ibed  by the o r i g i n a l  
au thors  as, " t he  po lyn ier izab le l i p i d  o f  choice f o r  a  wide v a r i e t y  
o f  mechanis t ic  and p r a c t i c a l  a p p l i c a t i o n s . "  
Regen and coworkers descr ibed i n  1986 the  p repa ra t i on  and 
po l ymer i za t i on  o f  1,2-bis [I 2(1 ipoyloxy)dodecanoyl]-sn-gl ycero-  
3-phosphocholine 1  (18) .  Aqueous d i spe rs i ons  o f  1  produced by 
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i n j e c t i o n  o f  e t h a n o l i c  s o l u  i o n s  were shown t o  c o n s i s t  o f  v e s i c l e s  li o f  average diameter 270-400 . Treatment o f  such d i spe rs i ons  w i t h  
10  mol% d i t h i o t h r e i t o l  (DTT) f o r  4  h r  a t  27OC produced complete po ly-  
m e r i z a t i o n  o f  1, as shown by  t h i n  l a y e r  chromatographic a n a l y s i s  f o r  
unreacted monomer and by t he  disappearance o f  t h e  c h a r a c t e r i s t i c  UV 
abso rp t i on  maximum o f  t h e  monomer a t  333 nm. Po lymer iza t ion  was 
accompanied by a small decrease i n  p a r t i c l e  s i z e  as repo r ted  by 
dynamic 1  i g h t  s c a t t e r i n g ,  b u t  t h e  presence o f  c l osed  v e s i c l e s  was 
suggested by e l  e c t r o n  microscopy and con f i rmed by so l  u t e  entrapment. 
The po lymer ized v e s i c l e s  were s t a b l e  t o  l y s i s  even i n  1% s o l u t i o n s  
o f  sodium dodecyl s u l f a t e  (SDS) a t  60°C; i n  c o n t r a s t ,  v e s i c l e s  o f  
monomeric ! were dest royed i n  0.05% SDS a t  room temperature. The 
s i z e  d i s t r i b u t i o n  o f  t h e  po lymer ized v e s i c l e  d i spe rs i on  was shown t o  
be s t a b l e  f o r  a t  l e a s t  3 months a t  room temperature, and t h e  d i s p e r -  
s i o n  r e t a i n e d  61% o f  i t s  entrapped sucrose a f t e r  4 h r  a t  23OC, as 
compared t o  32% r e t e n t i o n  by monomeric 1  under i d e n t i c a l  c o n d i t i o n s .  
Th is  system indeed has much t o  recommend it. The po l ymer i za t i on  
c o n d i t i o n s  a r e  remarkably m i l d ,  and appear t o  con fe r  on t h e  b i l a y e r  
inc reased  b a r r i e r  p r o p e r t i e s  and improved res i s tance  t o  de te rgen t  
l y s i s .  I n  a d d i t i o n ,  t he  c o n s t r u c t i o n  o f  t he  polymer cha in  by  t h e  
f o rma t i on  o f  d i s u l f i d e  bonds leaves  open t h e  prospect  o f  depolymer- 
i z a t i o n  i n  a  reduc ing  b i o l o g i c a l  environment and subsequent 
degradat ion.  
Liposomes. Bear ing E x t r i n s i c  Macromolecules. Th is  sec t i on  w i l l  con- 
s i d e r  t h e  p r o p e r t i e s  o f  1  iposomes t o  which e x t r i n s i c  macromolecules 
a r e  bound by adso rp t i on  o r  by hydrophobic anchors. Regen (1 5 )  and 
R i  ngsdor f  (1 6) have d i  scussed t h e  consequences o f  po l  ymeri z x i o n  o f  
s u r f a c t a n t  coun te r i ons  (9) .  - 
L i p o s o m e s s .  Much o f  the  work t o  da te  , 
on l i posomes 'bear ing  adsorbed cha ins  has concerned t h e  pH-dependent 
adso rp t i on  o f  a c i d i c  po l  ye1 e c t r o l  y t e s  on 1  i posomes prepared f rom 
phosphat idy lcho l  i n e s  (11 -- ,I 9-21 ) .  I n t e r e s t  i n  t h i s  problem has i t s  
o r i g i n  i n  the  pH-dependent con fo rmat iona l  and so l  u b i  1  i t y  p r o p e r t i e s  
o f  a c i d i c  p o l y e l e c t r o l y t e s .  One m i g h t  expect,  f o r  example, t h a t  a  
po ly(carboxy1 i c  a c i d )  woul d  be conver ted upon a c i d i f i c a t i o n  f rom 
a  charged, hyd roph i l  i c  s t r u c t u r e  t o  a  g l obu la r ,  hydrophobic c o i l ,  
p o o r l y  s o l  va ted  by aqueous media. The 1  iposomal su r face  p rov ides  a  
p l a c e  o f  r e f u g e  f o r  the  hydrophobic chain;  the  chain i n  t u r n  a l t e r s  
i n  a  profound way t he  geometr ic and thermodynamic f a c t o r s  t h a t  com- 
b i n e  t o  deterni-ine b i l a y e r  s t r u c t u r e .  One can e a s i l y  imagine t h a t  t he  
polymer-phosphol i p i d  m i x t u r e  m igh t  adopt a  t o t a l  l y  d i  f f e r e n t  aggre-  
ga te  morphology, and t h a t  i n  t he  course o f  t he  s t r u c t u r a l  reorgan iza-  
t i o n  t he  b a r r i e r  p r o p e r t i e s  o f  the  b i l a y e r  would be l o s t .  Scheme I 1  
shows a  reasonable work ing hypothes is ,  i n  which p ro ton- d r i ven  po l y -  
e l  e c t r o l y t e  adso rp t i on  induces a  v e s i c l  e- to-mice1 l e  t r a n s i t i o n  upon 
a c i d i f i c a t i o n  (22).  
Scheme I 1  suggests  t h a t  p o l y e l e c t r o l y t e  adsorp t ion  m i g h t  p rov ide  
a  means o f  p repa r i ng  pH-dependent 1  i posomal de l  i ve ry  systems. Given 
t h e  v a r i a t i o n s  i n  pH t h a t  c h a r a c t e r i z e  c e r t a i n  pa tho log i ca l  s t a t e s  
(23) and c e r t a i n  s u b c e l l u l a r  o rgane l l es  (24) ,  t he  a b i l i t y  t o  a1 t e r  
membrane p r o p e r t i e s  i n  a  c o n t r o l l e d ,  PH-dGendent manner i s  a  power- 
f u l  methodology. Indeed, i t  has become c l e a r  t h a t  t he  c e l l  uses 
s u b t l e  changes i n  pH t o  c o n t r o l  i t s  i n t r a c e l l u l a r  processing o f  
l i g a n d s  and recep to rs  (24),  and t h a t  i n f e c t i o u s  microorganisms have 
developed mechanisms t o e x p l o i t  these pH changes t o  ga in  e n t r y  t o  t h e  
c y t o p l  asm (25) .  
Most o F o u r  work t o  da te  has concerned t h e  i n t e r a c t i o n s  o f  
po l y (ac ry1  i c  a c i d )  d e r i v a t i v e s  w i t h  v e s i c l  e  membranes prepared f rom 
phosphat idy lcho l  ines .  I n  p a r t i c u l a r ,  po l y (2 -e thy lac r y l  i c  a c i d )  
(PEAA, 2) i s  a  hydrophobic po ly(carboxy1 i c  a c i d )  t h a t  undergoes a  
conforrna t i o n a l  t r a n s i t i o n  o f  the  k i n d  descr ibed above (26-28). That 
t h i s  con fo rmat iona l  t r a n s i t i o n  occurs near n e u t r a l  pH makes PEAA a  
cand ida te  f o r  use i n  pH-dependent 1  i posomal de l  i v e r y  systems i n  
b i o l o g y  and medicine. 
Figure  1  shows t h a t  PEAA indeed f u n c t i o n s  w e l l  i n  t h i s  r o l e  
(1  9 ) .  The F i g u r e  shows t h e  e f f l u x  o f  t h e  f l u o r e s c e n t  dye carboxy-  
f G o r e s c e i n  f rom u n i l a n i e l l a r  v e s i c l e s  o f  egg y o l k  phospha t i dy l cho l i ne  
suspended i n  an aqueous s o l u t i o n  o f  PEAA. Escape o f  t h e  dye i s  ve ry  
s low a t  pH 7.4, b u t  e s s e n t i a l l y  ins tantaneous upon a c i d i f i c a t i o n  o f  
t h e  suspension t o  pH 6.5. We have s i n c e  demonstrated the pH- t r iggered  
re l ease  o f  o t h e r  substances from phosphat idy l  cho l  i n e  v e s i c l e s  b y  t h i s  
method, and t h e  technique should be comple te ly  general  i n  i t s  a p p l i -  
c a t i o n  t o  t he  c o n t r o l l e d  re l ease  o f  water  s o l u b l e  compounds. 
A d d i t i o n a l  uses o f  these and r e l a t e d  systems a r e  suggested by 
the  f a c t  t h a t  many enzymes a r e  known t o  y i e l d  a c i d i c  products  v i a  
o x i d a t i v e  o r  h y d r o l y t i c  r eac t i ons .  G l  ucose ox idase,  f o r  exampl e, 
ca ta l yzes  t h e  o x i d a t i o n  o f  glucose t o  g l ucon i c  ac id ,  which i s  a  
s u i  tab1 e  source o f  H'. A phosphat i  d y l  cho l  i n e  suspension c o n t a i n i n g  
bo th  glucose ox idase  and PEAA should then  be s e n s i t i v e  t o  glucose 
concent ra t ion ,  i n  t h a t  i n c r e a s i n g  g lucose concen t ra t i ons  shoul d  1  ead 
t o  v e s i c l e  r u p t u r e  w i t h  r e l ease  o f  con ten ts .  Such systems m igh t  
prove t o  be use fu l  i n  s e l  f - r e g u l a t e d  i n s u l i n  d e l i v e r y  o r  i n  mon i to r-  
i n g  o f  g1 ucose concen t ra t i ons  i n  phys io l og i c  f l  u ids .  
F igure  2 demonstrates t he  v i a b i l i t y  o f  t h i s  approach t o  t h e  
p repa ra t i on  o f  gl  ucose-sensi t i v e  membranes (20) .  The F igure  shows 
t he  r e s u l  t s  o f  an exper iment i n  which d i l a u r o y l  phosphat idy lcho l  i n e  
was suspended i n  an unbuf fered,  aqueous s o l u t i o n  o f  PEAA and glucose 
ox idase a t  pH 7.4. Upon a d d i t i o n  o f  glucose, t h e  o p t i c a l  d e n s i t y  o f  
t he  s o l u t i o n  was r a p i d l y  reduced, and reached a  va lue  l e s s  than 10% 
o f  t he  o r i g i n a l  a f t e r  approx imate ly  30 min. The reduc t i on  i n  o p t i c a l  
d e n s i t y  s i g n a l s  a  r e o r g a n i z a t i o n  o f  t h e  b i l a  e r  t h a t  must be analo-  
gous t o  t h a t  induced by  d i r e c t  a d d i t i o n  o f  HSI as i n  F igu re  1, so t h a t  
we would a n t i c i p a t e  q u a n t i t a t i v e  re l ease  o f  v e s i c l e  con ten ts  under 
t h e  c o n d i t i o n s  o f  F igure  2. Th i s  system i s  o f  i n t e r e s t  n o t  o n l y  from 
t h e  p o i n t  o f  v iew o f  i t s  p o t e n t i a l  a p p l i c a t i o n s  i n  d iagnos is  and 
t he rapeu t i cs ,  b u t  a1 so by v i r t u e  o f  i t s  analogy t o  t h e  "second mes- 
senger" s i g n a l l i n g  processes so impor tan t  i n  c e l l  b i o l ogy .  That  i s ,  
t h e  s i g n a l  i s  i n i t i a t e d  by a  r i s e  i n  t h e  concen t ra t i on  o f  glucose, 
b u t  i t  i s  a second substance (H') t h a t  c a r r i e s  t h e  message t o  t he  
e f f e c t o r  molecul  e  (PEAA) . The analogy t o  hormonal second messenger 
systems i s  crude, b u t  q u i t e  r e a l .  
. We have ve ry  r e c e n t l y  ex-  
y l c h o l i n e  system by immob i l i z-  
i n g  PEAA on t h e  su r f ace  o f  egg l e c i t h i n  v i a  a  hydrophobic anchor 
(Maeda, M.; Kumano, A.; T i r r e l l ,  D.A. P r e p r i n t s  ACS Div .  Polym. Chem., 
i n  p ress) .  The method i nvo l ves  t he  coup1 i n g  o f  t h i o l a t e d  PEAA t o  the  
maleimido phospho l i p i d  3, which was i nco rpo ra ted  a t  a l e v e l  o f  ca. 
10% i n t o  preformed l e c i t h i n  v e s i c l e s .  Michael a d d i t i o n  o f  t h e  
polymer-bound t h i o l  groups t o  the  N-a1 ky lmale imide f u n c t i o n s  on the  
v e s i c l e  su r f ace  r e s u l t s  i n  i m m o b i l i z a t i o n  o f  50-60 pg o f  PEAA pe r  mg 
o f  1  i p i d .  Fo l l ow ing  f r a c t i o n a t i o n  o f  t h e  sample by s i z e  exc lus ion  
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chromatography, a c i d i f i c a t i o n  o f  t h e  v e s i c l e  f r a c t i o n s  causes r a p i d  
re l ease  o f  v e s i c l e  con ten ts .  These r e s u l t s  demonstrate t h a t  i t  i s  
indeed p o s s i b l e  t o  anchor s u f f i c i e n t  PEAA t o  e f f e c t  use fu l  changes 
i n  membrane s t r u c t u r e  and f unc t i on .  





Concl us ions 
Polymer chem is t r y  o f f e r s  a number o f  power fu l  s t r a t e g i e s  f o r  t h e  
c o n t r o l  1 ed man ipu la t i on  o f  t h e  p r o p e r t i e s  o f  1 iposomal membranes. 
Po l ymer i za t i on  w i t h i n  t h e  b i l  ayer  can p rov ide  membranes o f  improved 
s t a b i l  i ty  and b a r r i e r  p r o p e r t i e s .  Cont ro l  l e d  adsorp t ion  o r  anchor ing 
o f  po l  y e l e c t r o l y t e s  can render  t h e  . l  -i posomal ~iienibrane s e n s i t i v e  t o  
chemical and phys i ca l  s i gna l s ,  and so can a f f o r d  l iposomal  d e l i v e r y  
systems suscep t i b l e  t o  s e l e c t i v e  r u p t u r e  a t  predetermined phys io-  
l o g i c a l  t a r g e t s  o r  under predetermi  ned path01 o g i c a l  c o n d i t i o n s  . 
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Figure  1  . E f f l u x  o f  ca rboxy f l  uo resce in  from son ica ted  egg yo1 k 
phosphat idy lchol  i n e  v e s i c l e s  suspended i n  50 mM Tris-HC1 , 100 mM 
NaCl a t  i n d i c a t e d  pH. 
F igure 2. Op t i ca l  d e n s i t y  o f  a  mu1 t i l a m e l l a r  suspension o f  DLPC 
i n  an aqueous s o l u t i o n  o f  PEAA and glucose oxidase, p r i o r  and 
subsequent t o  addi  t i o n  o f  g l  ucose. 
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